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S IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

^ REQUEST FOR FILING CONTINUATION/DIVISIONAL 

APPLICATION UNDER 37 C.F.R. S 1.53ft>) 

OBox PATENT APPLICATION § 

Assistant Commissioner for Patents 

Washington, B.C. 20231 ;;^'$:r 
Sir: 

This is a request for filing a [x] continuation [ ] divisional application under 37 C.F.R. 
§ 1.53(b) of pending Application No. 09/071.793 ffled on May 4. 1999 . for LOW EMISSION. 
NON-OXYGENATED FUEL COMPOSITION . by the following named inventor(s): 



(a) Full Name John Freel 



(b) Full Name Joseph S. Welstand 



(c) Full Name William R. Scott 



(d) Full Name Michael J. Fuchs 



(e) Full Name Scott R. Brundage 



[ ] The entire disclosure of the prior application from which a copy of the oath or declaration is 
supplied herewith is considered as being part of the disclosure of the accompanying 
application and is hereby incorporated by reference therein. 

[ ] This application is being filed by less than all the inventors named in the prior application. 
In accordance with 37 C.F.R. 1.63(d)(2), the Commissioner is requested to delete the 
name(^s) of the following person or persons who are not inventors of the invention being 
claimed in this application. 



(a) Full Name 

(b) Full Name 

(c) Full Name 



[ ] This application is being filed by more than all the inventors named in the prior application. 
In accordance with 37 C.F.R. 1.63(d)(2), the Commissioner is requested to add the name(s) 
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of the following person or persons who are inventors of the invention being claimed in this 
application. 

(a) Full Name 

(b) Full Name 

(c) Full Name 

1 . [x] Enclosed is a copy of the prior Application No. 09/071.793 as originally filed on 

May 4. 1998 . including copies of the specification, claims, drawings and the executed 
oath or declaration as filed. 

2. [ ] Enclosed is a revised prior application and a copy of the prior executed oath or 

declaration as filed. No new matter has been added to the revised application. 

3. [ ] statement(s) claiming small entity status [ ] are enclosed [ ] were filed in 

prior Application No. _, filed on „. 

4. [x] The filing fee is calculated below [x] and in accordance with the enclosed preliminary 

amendment: 
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NO. OF 

CLAIMS tii:;;fa:g^:i 


EXTRA 
CLAIMS 


RATE 


FEE 


Basic Application Fee 


$690.00 
(101) 


Total Claims 


80 


MINUS 20 - 


60 


X $18.00 
(103) = 


1080.00 


Independent 
Claims 


8 


MINUS 3 - 


5 


X $78.00 
(102) - 


390.00 


If multiple dependent claims are presented, add $260,00 (104) 




Total Application Fee 


$2160.00 


If small entity status is claimed, subtract 50% of Total Application Fee 




Add Assignment Recording Fee of if Assignment document is enclosed 






$2160,00 
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5. [ ] Charge $ to Deposit Account No. 02-4800 for the fee due. 

6. [x] A check in the amount of $ 2160.00 is enclosed for the fee due. 

7. \X\ The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R. 
§§ 1.16, 1.17 and 1.21 that may be required by tiiis paper, and to credit any overpayment, to 
Deposit Account No. 02-4800. This paper is submitted in duplicate. 

8. [ ] Cancel in this application original claims „ of the prior application before calculating the 
filing fee. (At least one original independent claim must be retained for filing purposes.) 

9. [x] Amend the specification by inserting before the first line the sentence: -This application is a 
[x] continuation, [ ] divisional, of Application No. 09/071.793 . filed May 4. 1998 .- 

10. [ ] Transfer the drawings from the pending prior application to this application and abandon said 
prior application as of the filing date accorded this application. A duplicate of this paper is 
enclosed for filing in the prior application file. (May only be used if signed by person 
authorized under 37 C.F.R. § 1.138 and before payment of issue fee.) 

11. [ ] New drawings are enclosed, 

^ 12. [ ] Priority of Application No. _ filed on _ in _ (country) is claimed under 35 U.S. C. § 119. 

iO 

[ ] The certified copy of the priority application 
[ ] is enclosed 

[ ] was filed on _ in prior Application No. _, filed on _ 
[ ] has not yet been filed. 

13. [x] A preliminary amendment is enclosed. 

14. [ ] A General Authorization for Payment of Fees and Petitions for Extensions of Time. 

15. [ ] Also enclosed . 



16. [x] The power of attorney in the prior application is to W. Keith Turner. Reg. No. 26.816. E. 
Joseph Gess. Reg. No. 28.510 et al . 

a. [x] The power appears in the original papers in the prior application. 

b. [ ] Since the power does not appear in the original papers, a copy of the power in the 

prior application is enclosed. 



c. [ ] Recognize as Associate Attorney _. 
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d. [x] Address all future communications to: (May only be completed by applicant, or 
attorney or agent of record.) 



E. Joseph Gess 

BURNS, DOANE, SWECKER & MATHIS, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



January 24, 2000 



Date 



Address of 
signator: 

Burns, Doane, Swecker & MAxms, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



By: 




E. Josepy 
Registr; 



jess 
Sn No. 28,510 



[ ] inventor(s) 

[ ] assignee of complete interest 
[x] attorney or agent of record 
[ ] filed under 37 C.F.R. § 1.34(a) 
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For: LOW EMISSION, 
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FUEL COMPOSITION 



Group Art Unit: 1621 
Examiner: H. Myers 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to an examination on the merits, please amend the above-identified application 
as follows: 



IN THE CLAIMS: 

Please add the following claims: 

—77. An unleaded gasoline fuel comprising a controlled sulfur content of no 
greater than 15 ppmw, thereby allowing greater flexibility in blending with respect to the 
amounts of oxygen, aromatic hydrocarbons, benzene and olefins and the T50 and T90 
characteristics, without regard to the California Predictive Model for the Phase 2 California 
Reformulated Gasoline, while providing a gasoline fuel which exhibits low emissions. 



Application No. 
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78. The unleaded gasoline of claim 77, wherein the sulfur content is no greater 
than 10 ppmw. 

79. A method for preparing an unleaded gasoline, which comprises controlling 
the blending of components such that the amount of sulfur is no greater than 15 ppmw. 

80. The method of claim 79, wherein the amount of sulfur is no greater than 10 
ppmw," 

REMARKS 

Entry of the foregoing amendments prior to an examination on the merits is 
respectfully requested. 

By the present amendment, the claims have been amended to render the claims 
consistent with the prosecution that transpired in connection with parent application, U.S. 
Serial No. 09/071,793. 
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Further and favorable action on the merit is believe to be next in order, and is 
earnestly solicited. 

Respectfully submitted. 

Burns, Doane, Swecker & Mathis, L.L.P. 



By: ^ ^^^"YY^^ 



E. Joseph/Gess 
Registration No. 28,510 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



Date: January 24, 2000 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to fuels, particularly gasoline fuels which are 
substantially free of oxygenates. More specifically, the present invention relates 
5 to a low-emission gasoline fuel which, upon combustion, provides surprisingly 
low emissions, particularly of nitrogen oxide emissions, and is also substantially 
fi:ee of oxygen-containing compounds. 

Brief Description of the Prior Art 

One of the major environmental problems confronting the United States 

10 and other countries is atmospheric pollution caused by the emission of pollutants 
in the exhaust gases and gasoline vapor emissions from gasoline fueled 
automobiles. This problem is especially acute in major metropolitan areas where 
atmospheric conditions and the great number of automobiles result in aggravated 
conditions. While vehicle emissions have been reduced substantially, air quality 

15 still needs improvement. The result has been that regulations have been passed to 
further reduce such emissions by controlling the composition of gasoline fiiels. 
These specially formulated, low emission gasolines are often referred to as 
reformulated gasolines. In California, low emissions gasoline is often referred to 
as California Phase 2 gasoline. One of the requirements of these gasoline 

20 regulations is that, in certain geographic areas, oxygen-containing hydrocarbons, 
or oxygenates, be blended into the fuel. 

Congress and regulatory authorities, such as CARB (the California An: 
Resources Board), have focused on setting specifications for low emissions, 
reformulated gasoline. The specifications, however, require the presence of 

25 oxygenates in gasoline sold in areas that are not in compliance with federal 
ambient air quality standards for ozone, and the degree of non-attainment is 
classified as severe, or extreme. Among the emissions which the reformulated 
gasoline is designed to reduce, are nitrogen oxides (NO J, hydrocarbons (HC), 
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and toxics (benzene, 1,3-butadiene, formaldehyde and acetaldehyde). A reduction 
in these emissions has been targeted due to then* obvious impact upon the air we 
breathe and the environment in general. 

There is increasing attention from environmental agencies to the need for a 
5 reduction in emissions of nitrogen oxides. NO^ emissions are known precursors 
for smog created in metropolitan areas. Most of the NO^ emissions are man- 
made, with gasoline fueled engines generating about 24% of the man-made NO^ 
emissions. NO is the major constituent of NOj^ emissions from combustion 
processes. NO is a precursor of NO2 in the atmosphere and a critical constituent 

10 in the formation of ozone. NO2 can irritate the lungs and reduce respiratory 
ftmction. NO^ can be an important precursor to secondary formation of 
particulates, according to the "National Air Quality and Emission Trends Report," 
1992, Office of Air Quality Planning and Standards, U.S. Environmental 
Protection Agency, EPA 454/R-93-031, October 1993, A reduction of nitrogen 

15 oxides, particularly in large metropolitan areas such as Los Angeles and 

Sacramento, California, and many eastern U.S. states, would be most valuable. 
As a consequence of all these harmfal effects, the reformulated gasolines have 
been designed to reduce NO^ emissions. 

Oxygetiated gasoline is a mixture of conventional hydrocarbon-based 

20 gasoline and one or more oxygenates. Oxygenates are combustible liquids which 
are made up of carbon, hydrogen and oxygen. All the current oxygenates used in 
reformulated gasolines belong to one of two classes of organic molecules: alcohols 
and ethers. The Environmental Protection Agency regulates which oxygenates can 
be added to gasoline and in what amounts. 

25 The primary oxygen-containing compoimd employed in gasoline fuels 

today is methyl tertiary butyl ether (MTBE). While oxygen is in most cases 
required in reformulated gasolines to help effect low emissions, the presence of 
oxygenates in gasoline fuels has begun to raise legitimate environmental concerns. 
For example, the oxygenate methyl tertiary butyl ether has been observed in 



-3- 



drinking water reservoirs, and in a few instances, ground water in certain areas of 
California. As a result, the public is beginning to question the benefits and/or 
importance of having cleaner burning gasolines, if they simply pollute the 
environment in other ways. Furthermore, oxygenates also have a lower thermal 
5 energy content than non-oxygenated hydrocarbons, and therefore reduce the fuel 
economy of gasoline fueled motor vehicles. 

Thus, while some of the concerns with regard to gasoline fuels containing 
oxygenates, such as methyl tertiary butyl ether, could be overcome by further safe 
handling procedures and the operation of present facilities to reduce the risk of 

10 any spills and leaks, there remains a growing public concern with regard to the 
use of oxygenates in gasoline fuels. In an effort to balance the need for lower 
emission gasolines and concerns about the use of oxygenates it, therefore, would 
be of great benefit to the industry if a cleaner burning gasoline without oxygenates 
could be made. A cleaner burning gasoline resulting in low NO^ emissions would 

15 be of particular benefit to the environment in light of the increased attention to 
reducing nitrogen oxide emissions. The availability of such a gasoline, which 
contained substantially no oxygenates, would allow the public to realize the 
environmental benefits of low emissions, yet ease the concern of potential 
contamination of ground waters, and the environment in general, with oxygenates. 

20 Of benefit to the industry would also be such a low emission gasoline which 

contained substantially no oxygenates and also offered more flexibility to refiners 
in blending the gasoline. 

Accordingly, it is an object of the present invention to provide a gasoline 
fuel which can truly benefit the environment and offer good performance. 

25 It is another object of the present invention to provide a gasoline fuel 

which provides good emissions, yet is substantially free of oxygenates. 

Yet another object of the present invention is to provide a low-emission, 
substantially oxygenate-free gasoline fuel which exhibits surprisingly low NO^ 
emissions when combusted ui an automobile internal combustion engine. 
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Still another object of the present invention is to provide a gasoline fuel 
which provides good emissions and also permits more flexibility to refiners in 
blending the gasoline. 

These and other objects of the present invention will become apparent upon 
5 a review of the following specification and the claims appended thereto. 

SUMMARY OF THE INVENTION 

In accordance with the foregoing objectives, the present invention provides 
an unleaded gasoline fuel which is substantially free of oxygenates, i.e., the fuel 
contains less than LO weight percent oxygen based on the total weight of the fuel 

10 composition, and most preferably contains no oxygen containing compounds. The 
gasoline fuel of the present invention also has a Reid vapor pressure less than 7.5 
psi, a sulfur content less than 30 ppmw, more preferably less than 20 ppmw, an 
olefin content of no greater than 8 volume percent and an aromatic hydrocarbon 
content between 25 and 30 volmne percent, and/or a 50% D-86 Distillation 

15 Temperature between 210 and 220°F, and/or a 90% D-86 Distillation 

Temperature between 300 and 330°F. The fuel composition also does not meet 
the emissions performance criteria of the California Predictive Model for 
emissions. Such a gasoline fuel offers a substantially oxygenate free gasoline 
which avoids the environmental impact of oxygenates, yet when combusted in an 

20 intemal combustion automobile provides good performance and good emissions, 
despite failing the present California Predictive Model requirements. 

In particular, surprisingly low NG^ emissions can be observed for the 
gasoline fuels of the present invention, with the NO^^ emissions being substantially 
lower than that predicted by the California Predictive Model established by the 

25 California Air Resources Board (CARB), Good performance with surprisingly 
low NGx emissions can be obtained despite the fact that the gasoline fuel of the 
present invention does not meet the specifications for the CARB reformulated 
gasoline fuel, and fails the California Predictive Model, The gasoline composition 
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Qf the present invention is substantially free of oxygenates, does not meet the flat 
limits for at least one, if not more, of the aromatics, T90 and/or T50 requirements 
set for the new (Phase 2) reformulated gasoline, and fails The California 
Predictive Model for emissions. Nevertheless, the gasoline fuel of the present 
5 invention allows one to enjoy good emissions, and particularly surprisingly low 
NO^ emissions, while also avoiding the potential problems of oxygenates. For it 
has been surprisingly found that when one controls the amount of sulfur in 
accordance with the present invention to less than 30 ppmw (and more preferably 
less than 20 ppmw), and in particular when one controls the amount of sulfur 

10 together with olefins in accordance with the present invention to less than 8 
volume percent, it is possible to have additional flexibility with respect to the 
other regulated fuel properties, i.e., aromatics, T90 and T50, in a non-oxygenated 
fuel without sacrificing low emissions. 

In another embodiment of the present invention, there is provided a method 

15 for operating an automotive vehicle having a spark-ignited internal combustion 
engine. The method comprises introducing into the engine an unleaded gasoline 
which is substantially free of oxygenates in accordance with the present invention. 
The unleaded gasoline is then combusted in die engine. In a preferred 
embodiment, the automotive vehicle also has a catal5^ic converter through which 

20 at least some of the engine exhaust emissions created by combusting the imleaded 
gasoline are introduced, with the resulting emissions then being discharged from 
the catalytic converter and subsequently to the atmosphere. Good performance 
and surprisingly low NO^ emissions are realized upon using the unleaded gasoline 
of the present invention in the operation of an automobile, 

25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to gasoline compositions having 
properties which minimize the amount of exhaust pollutants, particularly nitrogen 
oxides, emitted during combustion, while also overcoming the potential 
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detrimental impact, environmental and otherwise, of oxygenates. In particular, 
the gasoline formulations of the present invention provide enwssions of nitrogen 
oxide which are surprisingly low in that they are much lower than predicted by the 
California Predictive Model developed by CARB. While the compositions of the 
5 present invention offer such surprising low emissions, as well as good 

performance as a gasoline, they also offer the advantage of avoiding the problems 
inherent with oxygenates, as the gasoline formulations of the present invention are 
substantially free of oxygenates. 

Gasolines are well known fuels, generally composed of a mixture of 

10 numerous hydrocarbons having different boiling points at atmospheric pressure. 
Thus, a gasolme fuel boils or distills over a range of temperatures, unlike a pure 
compound. In general, a gasoline fuel will distill over the range of from about, 
room temperature to 437°F. (225 °C.). This temperature range is approximate, of 
course, and the exact range will depend on the conditions that exist in the location 

15 where the automobile is driven. The distillation profile of the gasoline can also be 
altered by changing the mixture in order to focus on certain aspects of gasoline 
performance, depending on the time of year and geographic location in which the 
gasoline will be used. 

Gasolines are therefore, typically composed of a hydrocarbon mixture 

20 containmg aromatics, olefins, and paraffins, with reformulated gasoline most often 
containing an oxygen compound, i.e., an oxygenate such as methyl tertiary butyl 
ether. Gasolines may also contain various additives, such as deposit control 
additives, demulsifiers, corrosion inhibitors, and antioxidants. The fixels 
contemplated in the present invention are unleaded gasolines (herein defined as 

25 containing a concentration of lead no greater than 0.05 gram of lead per gallon 
which is 0,013 gram of lead per liter). The preferred fuels will also have a 
Research Octane Number(RON) of at least 90. The anti-knock value (R+ M)/2 
for regular gasoline is generally at least 87, and for premium at least 92. 
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In an attempt to reduce harmful emissions upon the combustion of gasoline 
fuels, regulatory boards as well as Congress have developed certam specifications 
for reformulated gasolines. One such regulatory board is that of the State of 
California, i.e., the California Air Resources Board (CARB). In 1991, 
5 specifications were developed by CARB for California gasolines which, based 
upon testing, should provide good performance and low emissions. The 
specifications and properties of the reformulated gasoline, which is referred to as 
the Phase 2 reformulated gasoline or California Phase 2 gasoline, are shown in 
Table 1 below. 



10 Table 1 

Properties and Specifications for Phase 2 Reformulated Gasoline 



Fuel Property 


Units 


Flat 
Limit 


Averaging 
Limit 


Cap Limit 


Reid vapor pressure 
(RVP) 


psi, max. 


7.00' 




7.00 


Sulfiir (SUL) 


ppmw 


40 


30 


80 


Benzene (BENZ) 


vol. %, max. 


1.00 


0.80 


1.20 


Aromatic HC (AROM) 


vol. %, max. 


25.0 


22.0: 


30.0 


Olefin (OLEF) 


vol. %, max. 


6.0 


4.0 


10.0 


Oxygen (OXY) 


wt. % 


1.8 (min) 
2.2 (max) 




1.8 (min) 
2.7 (max)^ 


Temperature at 50% 
distilled (T50) 


deg. F 


210 


200 


220 


Temperature at 90% 
distUled (T90) 


deg. F 


300 


290 


330 



^ Applicable during the summer months identified in 13 CCR, sections 2262.1(a) and (b). 
25 ^ Applicable during the winter months identified in 13 CCR, sections 2262.5(a). 
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In Table 1, as well as for the rest of the specification, the following 
definitions apply: 

Aromatic hydrocarbon content (Aromatic HC, AROM) means the amount of 
aromatic hydrocarbons in the fuel expressed to the nearest tenth of a percent by 
5 volume in accordance with 13 CCR (California Code of Regulations), section 2263. 

Benzene content (BENZ) means the amount of benzene contained in the fuel 
expressed to the nearest hundredth of a percent by volume in accordance with 13 
CCR, section 2263. 

Olefin content (OLEF) means the amount of olefins in the fuel expressed to 
10 the nearest tenth of a percent by volume in accordance with 13 CCR, section 2263. 

Oxygen content (OXY) means the amount of actual oxygen contained in the 
fuel expressed to the nearest tenth of a percent by weight in accordance with 13 
CCR, section 2263. 

Potency-weighted toxics (PWT) means the mass exhaust emissions of 
15 benzene, 1,3-butadiene, formaldehyde, and acetaldehyde, each multiplied by their 
relative potencies with respect to 1 ,3-butadiene, which has a value of L 

Predictive model means a set of equations that relate emissions performance 
based on the properties of a particular gasoline formulation to the emissions 
performance of an appropriate baseline fuel. 
20 Reid vapor pressure (RVP) means the vapor pressure of the fiiel expressed to 

the nearest hundredth of a pound per square inch in accordance with 13 CCR, 
section 2263. 

Sulfur content (SXJL) means the amount by weight of sulfur contained in the 
fuel expressed to the nearest part per million in accordance with 13 CCR, section 
25 2263. 

50% distillation temperature (T50) means the temperature at which 50% of 
the fuel evaporates expressed to the nearest degree Fahrenheit in accordance with 13 
CCR, section 2263. 
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90% distillation temperature (T90) means the temperature at which 90% of 
the fuel evaporates expressed to the nearest degree Fahrenheit in accordance with 13 
CCR, section 2263. 

Toxic air contaminants means exhaust emissions of benzene, 1,3 -butadiene, 
5 formaldehyde, and acetaldehyde. 

The pollutants addressed by the foregoing specifications include oxides of 
nitrogen (NOJ, and hydrocarbons (HC), which are generally measured in units of 
gm/mile, and potency-weighted toxics (PWT), which are generally measured in 
xmits of mg/mile. 

10 The Phase 2 reformulated gasoline regulations define a comprehensive set 

of specifications for gasoline (Table 1). These specifications have been designed 
to achieve large reductions in entiissions of criteria and toxic air contaminants from 
gasoliQe-fiieled vehicles. Gasolines which do not meet the specifications are 
believed to be inferior with regard to the emissions which result from their use in 

15 vehicles. All gasolines sold in California, beginning June 1, 1996, have had to 
meet CARB's Phase 2 requirements as described below. The specifications 
address the followiug eight gasoline properties: 

• Reid vapor pressure (RVP) 

• Sulfur 
20 • Oxygen 

• Aromatic hydrocarbons 

• Benzene 

• Olefins 

• Temperature at which 90 percent of the fuel has evaporated (T90) 
25 • Temperature at which 50 percent of the fuel has evaporated (T50) 

The Phase 2 gasoline regulations include gasoline specifications that must 
be met at the time the gasoline is supplied from the production facility. Producers 
have the option of meeting either ^'flat" limits or, if available, "averaging" limits, 
or, alternatively a Predictive Model equivalent performance standard. 
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The flat limits must not be exceeded in any gallon of gasoline leaving the 
production facility. For example, the aromatic content of gasoline, subject to the 
flat limit, could not exceed 25 volume percent (see Table 1). 

The averaging limits for each fuel property established in the regulations 
5 are numerically more stringent than the comparable flat limits for that property. 
Under the averaging option, the producer may assign differing "designated 
alternative limits" (DALs) to different batches of gasoline being supplied from the 
production facility. Each batch of gasoline must meet the DAL assigned for the 
batch. In addition, a producer supplying a batch of gasoline with a DAL less 
10 stringent than the averaging limit must, within 90 days before or after, supply 
from the same facility sufficient quantities of gasoline subject to more stringent 
DALs to fully offset the exceedances of the averaging limit. 

The Phase 2 gasoline regulations also contain "cap" limits. The cap limits 
are absolute limits that cannot be exceeded in any gallon of gasoline sold or 
15 supplied throughout the gasoline distribution system. These cap limits are of 

particular importance when the California Predictive Model or averaging is used. 

A mathematical model, the California Predictive Model, has also been 
developed by CARB to allow refiners more flexibility. Use of the predictive 
model is designed to allow producers to comply with the Phase 2 gasoline 
20 requirements by producing gasoline to specifications slightly different from either 
the averaging or flat limit specifications set forth ia the regulations. However, 
producers must demonstrate that the alternative Phase 2 gasoline specifications 
will result in equivalent or lower emissions compared to Phase 2 gasoline meeting 
either the flat or averaging limits as indicated by the Predictive Model. Further, 
25 the cap limits must be met for all gasoline formulations, even alternative 

formulations allowed under the California Predictive Model. When the Predictive 
Model is used, the eight parameters of Table 1 are limited to the cap limits. 

In general, the California Predictive Model is a set of mathematical 
equations that allows one to compare the expected exhaust emissions performance 
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of a gasoline with a particular set of fuel properties to the expected exhaust 
emissions performance of an appropriate gasoline fuel. One or more selected fuel 
properties can be changed when making this comparison. 

Generally, in a predictive model, separate mathematical equations apply to 
5 different indicators. For example, a mathematical equation could be developed for 
an air pollutant such as hydrocarbons; or, a mathematical equation could be 
developed for a different air pollutant such as the oxides of nitrogen. 

Generally, a predictive model for vehicle emissions is typically 
characterized by: 

10 • the number of mathematical equations developed, 

• the nttmber and type of motor vehicle emissions tests 
used in the development of the mathematical 
equations, and 

• the mathematical or statistical approach used to 
15 analyze the results of the emissions tests. 

The California Predictive Model is comprised of twelve mathematical 
equations. One set of six equations predicts emissions from vehicles in 
Technology Class 3 (model years 1981-1985), another set of six is for Technology 
Class 4 (model years 1986-1993). For each technology class, one equation 

20 estimates the relative amount of exhaust emissions of hydrocarbons, the second 

estimates the relative amount of exhaust emissions of oxides of nitrogen, and four 
are used to estimate the relative amounts of exhaust emissions of the four toxic air 
contaminants: benzene, 1,3-butadiene, acetaldehyde, and formaldehyde. These 
toxic air contaminants are combined based on their relative potential to cause 

25 cancer, which is referred to as potency-weighting. 

In creating the California Predictive Model, CARB compiled and analyzed 
the results of over 7,300 vehicle exhaust emissions tests. A standard statistical 
approach to develop the mathematical equations to estimate changes in exhaust 
emissions was used based upon the data collected. 
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In summary, specific requirements were created by the California Air 
Resources Board to restrict the formulation of gasoline to ensure the production of 
gasoline which produces low emissions when used in automobiles. 

The gasoline formulations of the present invention, however, contain 
5 substantially no oxygenates. By substantially no oxygenates, it is meant that the 
gasoline formulation contains less than at least one weight percent oxygen, or 
preferably less than 0.5 weight percent oxygen, and most preferably substantially 
zero weight percent oxygen. Thus, for the purposes of the present invention, if 
some oxygen containing compounds are contained in the gasoline formulation, the 

10 amount must be far less than that specified for California Phase 2 gasoline when 
oxygenates are required. Basically, the gasoline formulations of the present 
invention contain substantially no oxygenates. 

Despite the removal of oxygenates, the gasoline formulations of the present 
invention also offer the advantage of good emissions. This is the case even 

15 though the gasoline formulations also fail to meet the equivalent performance 

standard of the California Predictive Model. It has been surprisingly found that 
despite not meeting the Predictive Model requirements for reformulated gasolines, 
the gasolines of the present invention offer good performance, and smprisingly 
low NO^ emissions. In fact, the gasolines of the present invention offer NO^ 

20 emissions performance which is substantially better than that predicted by the 
California Predictive Model. 

The unleaded gasoline fuel of the present invention first requires that it be 
substantially free of oxygenates. The fuel also exhibits a Reid vapor pressure of 
less than 7.5 psi, more preferably 7.0 or less, and a sulfur content of less than 30 

25 ppmw, more preferably less than 20 ppmw, even more preferably less than 15 
ppmw, and most preferably about 10 ppmw or less. It is also preferred that the 
gasoline fuel have an olefin content no greater than 8 volimie percent, preferably 6 
volume percent or less, more preferably 5 volume percent or less, and most 
preferably about 2-3 volume percent or less. The unleaded gasoline fixel also has 
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an aromatic hydrocarbon content between 25 and 30 volume percent, and/or a 
50% D-86 Distillation Temperature between 210 and 220°F, and/or a 90% 
distillation temperature of between 300 and 330 °F, 

Among other factors, therefore, the present invention is based upon the 
5 discovery that one can substantially remove all oxygen containing compounds 

from a fuel formulation, be within the cap limits prescribed by CARB, but fail to 
meet the flat limits for at least one, if not more, of the aromatics, T50 and T90 
requirements for new (Phase 2) reformulated gasoline, fail the California 
Predictive Model, and still obtain an excellent gasoline which exhibits low 

10 emissions. By observing the Reid vapor pressure and low sulfur, and preferably 
low olefin content requirements of the present invention, a gasoline fuel can be 
obtained which offers a substantially oxygenate free formulation allowing more 
flexibility to the refiner, but without sacrificing low emissions. The gasoline 
formulations of the present invention are particularly advantageous with regard to 

15 nitrogen oxide emissions (NOj.), for which there is increased concern with regard 
to the environment. 

The gasoline fuel compositions of the present invention are applicable to all 
gasolme fueled cars, particularly those equipped with a catalytic converter, but 
have been found to be most advantageous for newer gasoline fueled automobiles, 

20 and in particular vehicles certified to California Low Emission Vehicle (LEV) 
standards and beyond. For it is in such newer model cars, as exemplified by the 
1998 Ford Contour with a 2.0 liter engme, and 1997 Nissan Altima with a 2.4 
liter engine, both certified to Transitional Low Emissions Vehicles (TLEV) 
standards, that particular advantages are seen with regard to NO^ emissions, 

25 while also observing acceptable emissions with regard to exhaust hydrocarbons. 

The gasoline fuel compositions of the present invention are also useful throughout 
the year, with perhaps some modification in the RVP for seasonal requirements. 

In a preferred embodiment of the present invention, the unleaded gasoline 
fiiel is substantially free of oxygenates, has a Reid vapor pressure of less than 7,5 
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psi and has a sulfur content of less than 30 ppmw. The aromatic hydrocarbon 
content is greater than 25 volume percent but less than 30, the 50% D-86 
Distillation Point is no greater than 220°F, and preferably no greater than 210''F, 
and the 90% D-86 Distillation Point is no greater than 330°F, and preferably no 
5 greater than 300 °F. The unleaded gasoline fuel also preferably has an olefin 
content of 8 volume percent or less, more preferably 5 volume percent or less, 
and most preferably about 2-3 volume percent or less. The gasoline fuel also fails 
to meet the requirements of the present California Predictive Model for emissions. 
In another preferred embodiment of the present invention, the unleaded 

10 gasoline fuel of the present invention is substantially free of oxygenates, has a 
Reid vapor pressure less than 7,5 psi, and has a sulfur content of less than 30 
ppmw. The aromatic hydrocarbon content is no greater than 30 volume percent, 
and preferably no greater than 25 volume percent, and the fuel has a 50% D-86 
Distillation Point greater than 210°F but less than 220°F. The fuel also has a 

15 90% D-86 Distillation Point no greater than 330 °F, and preferably no greater than 
300°F. Preferably, the olefin content of the gasoline fuel is 8 volimie percent or 
less, more preferably 5 volume percent or less, and most preferably about 2-3 
volume percent or less. The gasoline fixel also fails the present California 
Predictive Model requirements for emissions. : 

20 In another preferred embodiment of the present invention, the unleaded 

gasoline fuel is substantially free of oxygenates, has a Reid vapor pressure of less 
than 7,5 psi, and has a sulfur content of less than 30 ppmw. The aromatic 
hydrocarbon content is no greater than 30 voliune percent, and preferably no 
greater than 25 volume percent, and the fuel has a 50% D-86 Distillation Point no 

25 greater than 220°F, and preferably no greater than 2 WF. The fiiel also has 90% 
D-86 Distillation Point greater than 300°F, but no greater than 330°F. It is most 
preferred that the olefin content of the gasoline fuel is also 8 volume percent or 
less, more preferably 5 volume percent or less, and most preferably about 2-3 
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volume percent or less. The gasoline fuel also fails the present California 
Predictive Model requirements for emissions. 

In the preferred embodiments of the present invention, in general, the Reid 
vapor pressure of the gasoline fuels of the present invention are less than 7.5 psi, 
5 but are most preferably no greater than 7.0. The sulfur content of the gasoline 
fuels of the present invention is less than 30 ppmw, and more preferably less than 
20 ppmw. In the most preferred embodiments, the amount of sulfur contamed in 
the unleaded gasoline fuels of the present invention is less than 15 ppmw sulfur, 
with the most preferred embodiment involving an unleaded gasoline fuel which 

10 contains no greater than 10 ppmw sulfur. It is further preferred that the olefin 
content be low, for the low olefin content is believed to enhance the low sulfur 
effects and provide excellent performance. Therefore, the olefin content is 
preferably 8 volimie percent or less, more preferably 6 volume percent or less, 
even more preferably 5 volume percent or less, and most preferably about 3 

15 volxime percent, even 2 volume percent, or less. 

Generally, the lower the sulfur content, the more magnified the beneficial 
effects. Thus, in order to obtain more flexibility, particularly with regard to the 
aromatics, T-50 and T-90 characteristics, a lower sulfur content would be 
preferred. As mentioned previously, lower olefin content appears to enhance the 

20 beneficial effects of the low sulfur. Therefore, lowering the olefin content in 

combination with the low sulfur can also help add flexibility to the blending of a 
gasoline formulation which exhibits good emissions. 

The fuels of the present invention are useful in operating automotive 
vehicles having a spark-ignited internal combustion engine. These fuels perform 

25 particularly well in vehicles designed for low exhaust emissions. These include 
vehicles certified to California Low Emissions Vehicle (LEV) standards and soon 
to be established Phase 2 LEV standards (LEV II) as well as U.S. Environmental 
Protection Agency National Low Emissions Vehicle (NLEV) standards, and soon 
to be established Tier 2 standards. The fuels are introduced into the engine and 
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then combusted in the engine. In a preferred embodiment, the automotive vehicle 
also has a catalytic converter into which at least some of the engine exhaust 
emissions created by combusting the unleaded gasoline are introduced. The 
resulting emissions are then discharged from the vehicle exhaust system to the 
5 atmosphere. Most of the emissions are inert, non-harmful components, with the 
regulated components such as hydrocarbons and NO^, being low. In particular, 
the emissions have a reduced amount of NO^ emissions. The NO^ emissions can 
surprisingly surpass even the level indicated by the Predictive Model developed by 
the California Air Resources Board with reference to a baseline fuel. In all cases, 
10 the potency-weighted toxic requnements should also be met by means of the 

reduced amount of oxygenates and olefins and appropriate limits on the amount of 
benzene 

The invention will be illustrated in greater detail by the following 
Example. It is imderstood that the Example is given by way of illustration and is 
15 not meant to limit the disclosure or the clakas to follow, 

EXAMPLE 

If the following test procedures were followed, it is believed that the 
compositions listed in Table 2 would exemplify fuels in accordance with the 
present invention which would exhibit surprising emissions reductions. 

20 All test fuels are stored in barrels in a refrigerated space maintained at 50 

± 5°F. Barrels remain in the storage area for a minimum of 24 hours prior to 
being opened. They remain in a cooled area until they are depleted or the test 
program is completed. RVP (Reid vapor pressure) samples are drawn from the 
barrels when they are opened (100%) and as they approach depletion (10-20% 

25 capacity). RVP determinations are made with a Grabner Instruments CCA- VPS 
vapor pressure tester. Each batch of samples include a cyclopentane reference 
sample to insure analyzer integrity. 
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Testing is performed in accordance with "California Exhaust . . . Standards 
and Test Procedures for 1988 and Subsequent Model ... Vehicles" (CCR Sec. 
1960. 1), except those portions relating to evaporative emissions. Additional 
preconditioning is performed to insure that as much of the fuel from previous tests 
5 as possible is drained and removed from the fuel tank and fuel delivery system. 
This preconditioning ends with a standard drain and fill to 40% capacity, UDDS 
dynamometer preconditioning, and overnight soak prior to the exhaust emissions 
test. 

Each vehicle receives a minimum of one test with each of the test fuels, 

10 The order of testing is completely randomized for each vehicle. All tests on a 

given vehicle are performed consecutively — vehicles are not left idle for extended 
periods while other program vehicles are being tested. The tests on a vehicle are 
performed on consecutive days. 

Fuel injected vehicles generally provide an access port in the pressurized 

15 fuel line which is used to drain the vehicle fuel tank by activating the on-board 
fixel pump. A significant amount of fixel remains in the fuel tank below the fuel 
pump pickup, however. Repeated fills and drains are performed to dilute the fuel 
from a previous test with fuel for the upcoming test. Some engine operation is 
also requned to purge the fiiel line from the tank to the engine and from any 

20 bypass from the fuel rail back to the fuel tank. Modem feedback engine control 
systems also feature adaptive learning subsystems to provide baseline information 
regarding previous engine operation while the engine is warming up. 
Preconditioning is designed to insure that any calibration changes resulting from 
the adaptive learning process are fully completed with the new fuel. 

25 The preconditioning procedure includes: 

1. Draining tank and adding 20-25% fill of fresh test fuel. Idling 
engine for 5 minutes. 

2. Draining tank and adding 20-25% fill of fresh test fuel. Performing 
one LA-4 and one HFET schedule on the dynamometer. 
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3. Soaking vehicle in controlled temperature soak room for a 
minimum of one hour. 

4. Draining and filling to 40% capacity with fresh test fuel. 
Performing LA-4 dynamometer preconditioning. Soaking m 

5 controlled temperature soak room until the vehicle was transferred 

to the test cell for the FTP. 
The multiple drains and fills insure that the amount of fuel remaining from 
previous tests is minimized. The engine operation and soaks provide ample 
opportunity for any adaptive learning process to stabilize with the new fuel. The 
10 final steps insure compliance with the CCR requirements for the exhaust emission 
test. 

The FTP exhaust emissions test includes measurement of non-methane 
hydrocarbons (NMHC), and NO,^ in accordance with Federal and California test 
procedures. 

15 GC bag samples are collected for each test phase of the FTP (3 bags), with 

dilution air sample collection of the Cold Transient and Stable phase combined, 
and the Hot Transient Phase (2 background bags). GC samples are collected on 
tests of the vehicle. 

Subtle changes in exhaust emissions and fuel economy may be 

20 overshadowed by test to test variability. Changes in some fiiel properties typically 
result in small, difficult to measure, changes in exhaust emissions. Procedures 
developed for ASTM testing of fuel efficient engine oils have been demonstrated 
to greatly improve test repeatability such that careful attention is given to 
preconditioning and soak conditions to further assure consistency in the tests. The 

25 compositions listed in Table 2 exemplify compositions in accordance with the 

invention, which if tested as described above, would demonstrate low emissions. 
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One of the main advantages of the mvention is that a less polluting 
substantially oxygenate free gasoline fuel is provided that can be more easily 
prepared in a petroleum refinery or the like. That is, in a typical refinery in 
which gasoline is produced for sale, particularly in California, it is necessary or at 
5 least desirable in most instances to blend the hydrocarbon stocks so as to produce 
gasolines of specified Reid vapor pressure, aromatic content, etc, and which meet 
all of the CARB Phase 2 gasoline requirements. In addition, the gasoline must 
meet other specifications, such as octane to assure good performance of the 
automobile. Thus, the only difference is that now the refinery will blend the 

10 stocks in light of the information provided herein such that the emissions are 
reduced, particularly the NO^ emissions, as much as required or practicable, 
given the uidividual situation (the blend stocks available, refinery capacity, etc.) 
facing the particular refinery. By following the present invention, additional 
flexibility is offered in blending the fuels, particularly with regard to the aromatic 

15 hydrocarbon content, the T50 and T90 specifications. Yet, an environmentally 
friendly fixel is provided which offers good performance and surprisingly low NO^ 
emissions, as well as flexibility in blending. 

While the invention has been described with preferred embodiments, it is 
to be understood that variations and modifications may be resorted to as will be 

20 apparent to those skilled in the art. Such variations and modifications are to be 
considered within the purview and the scope of the claims appended hereto. 



What Is Claimed Is: 
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1. An unleaded gasoline fuel, which is substantially free of oxygenates and 
has a Reid vapor pressure less than 7.5 psi; 

a sulfur content less than 30 ppmw; 
5 an aromatics content of greater 25 volume percent but no greater than 30 

volume percent; and 

the fuel composition fails the California Predictive Model requirements for 
emissions, 

2. The unleaded gasoline fuel of claim 1, wherein the olefin content is 8.0 
10 volume percent or less. 

3. The unleaded gasoline fuel of claim 2, wherein the fiiel has a Reid 
vapor pressure no greater than 7.0. 

4. The unleaded gasoline fuel of claim 1, wherein the fuel has no greater 
than 20 ppmw sulfur. 

15 5. The unleaded gasoline fuel of claim 2, wherein the ftiel contains no 

greater than 20 ppmw sulfur. 

6. The unleaded gasoline fuel of claim 2, wherein the fuel contains no 
greater than 15 ppmw sulfur. 

7. The unleaded gasoliae fuel of claim 2, wherein the fuel contains no 
20 greater than 10 ppm sulfur. 
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8. The unleaded gasoline fuel of claim 2, wherein the olefin content of the 
fuel is 6 volume percent or less. 

9. The unleaded gasoline fuel of claim 2, wherein the olefin content of the 
fuel is 5 volume percent or less. 

5 10, The unleaded gasoline fiiel of claim 2, wherein the olefin content of 

the fuel is 3 volimie percent or less. 

1 1 . The unleaded gasoline fuel of claim 2, wherein the olefin content of 
the fuel is no greater than about 2 volume percent, 

12. The unleaded gasoline fuel of claim 2, wherein the fiiel has a 50% 
10 D-86 Distillation Point no greater than 210°F. 

13. The unleaded gasoline fuel of claim 2, wherein the fuel has a 90% 
D-86 Distillation Temperature no greater than 300°F. 

14. The unleaded gasoline fuel of claim 1, wherein the fuel has a 50% 
D-86 Distillation Temperature between 210 and 220"^?, and/or a 90% D-86 

15 Distillation Temperature between 300 and 330°F. 

15. An unleaded gasoline fiiel, which is substantially free of oxygenates 
and has a Reid vapor pressure less than 7,5 psi; 

a sulfur content less than 30 ppmw; and 

a 50% D-86 Distillation Temperature greater than 210 but no greater than 

20 220°F, 

and the fuel composition fails the California Predictive Model requirements 
for emissions. 
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IS. The unleaded gasoline fiiel of claim 15, wherein the olefin content is 8 
volume percent or less, 

17. The unleaded gasoline fuel of claim 16, wherein the fuel has a Reid 
vapor pressure no greater than 7.0. 

5 18. The unleaded gasoline fuel of claim 15, wherein the fuel contains no 

greater than 20 ppmw sulfur. 

19. The unleaded gasoline fuel of claim 16, wherein the fuel contains no 
greater than 20 ppmw sulfur. 

20. The unleaded gasoline fuel of claim 16, wherein the fuel contains no 
10 greater than 15 ppmw sulfur. 

21. The unleaded gasoline fiiel of claim 16, wherem the fuel contains no 
greater than 10 ppm sulfur. 

22. The unleaded gasoline fuel of claim 16, wherein the olefin fuel content 
is 6 volume percent or less. ^ 

15 23, The unleaded gasoline fuel of claim 16, wherein the olefin fuel content 

is 5 volmne percent or less. 

24. The unleaded gasoline fuel of claim 16, wherein the olefin fuel content 
is 3 volume percent or less. 

25, The unleaded gasoline fuel of claim 16, wherein the olefin fuel content 
20 is no greater than about 2 volume percent. 
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26. The unleaded gasoline fuel of claim 16, wherein the aromatic 
hydrocarbon content is no greater than 25 volume percent* 

27. The unleaded gasoline fuel of claim 16, wherein the fuel has a 90% 
D-86 Distillation Temperature no greater than 300°F. 

5 28. The unleaded gasoline fuel of claim 16, wherein the fuel has an 

aromatic hydrocarbon content between 25 and 30 volume percent, and/or a 90% 
D-86 Distillation Temperature between 300 and 330°F. 

29. The unleaded gasoline fuel of claim 28 wherein the olefin content is 
less than 5 volume percent and the fuel contains no greater than 20 ppmw sulfur. 

10 30. An unleaded gasoline fuel, which is substantially free of oxygenates 

and has a Reid vapor pressure less than 7.5 psi; 

a sulfur content less than 30 ppmw; and 

a 90% D-86 Distillation Temperature between 300 and 330 °F, 

and the fuel composition fails the California Predictive Model requirements 
15 for emissions. 

31. The unleaded gasoline fuel of claim 30, wherein the olefin content is 8 
volxmxe percent or less. 

32. The unleaded gasoline fuel of claim 31, wherein the fuel has a Reid 
vapor pressure no greater than 7.0. 

20 33. The unleaded gasoline fuel of claim 30, wherein the fuel has no 

greater than 20 ppmw sulfur. 
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34. The unleaded gasoline fuel of claim 31, wherein the fuel contains no 
greater than 20 ppmw sulfur. 

35, The unleaded gasoline fael of claim 31, wherein the fuel contains no 
greater than 15 ppmw sulfur. 

5 36. The unleaded gasoline fuel of claim 3 1 , wherein the fuel contains no 

greater than 10 ppm sulfur. 

37. The unleaded gasoline fuel of claim 31, wherein the olefin fuel content 
is 5 volume percent or less. 

38. The unleaded gasoline fuel of claim 31, wherein the olefin fuel content 
10 is 3 volume percent or less. 

39. The unleaded gasoline fiiel of claim 31, wherein the olefin fiiel content 
is no greater than about 2 volume percent. 

40. The unleaded gasoline fuel of claim 31, wherein the aromatic 
hydrocarbon content is no greater than 25 volume percent. - 

15 41. The unleaded gasoline fuel of claim 31, wherein the fuel has a 50% 

D-86 Distillation Point no greater than 210''F, 

42. The unleaded gasoline fuel of claim 31, wherein the fuel has an 
aromatic hydrocarbon content between 25 and 30 volume percent, and/or a 50% 
D-86 Distillation Temperature between 210 and 220°F. 
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43. The unleaded gasoline fuel of claim 42, wherein the olefin content is 5 
volume percent or less and the fuel contains no greater than 20 ppmw sulfur, 



44. A method for operatmg an automotive vehicle having a spark-ignited, 
internal combustion engine, comprising: 

5 introducing into the engine the unleaded gasolme fuel of claim 1, and then 

combusting the unleaded gasoline in the engine. 

45. The method of claim 44, wherein the automotive vehicle also has a 
catalytic converter into which at least some of the engine exhaust emissions 
created by combusting the unleaded gasoline is introduced, with emissions then 

10 being discharged from the catalytic converter and subsequently to the atmosphere. 

46. The method of claim 44, wherein the introduction into the engine of 
an unleaded gasoline is accomplished by fuel injection. 

47. The method of claim 45, wherein the introduction into the engine of 
an unleaded gasoline is accomplished by fuel injection. 

15 48, The method of claim 45, wherein the gasoline introduced into the 

engine has a Reid vapor pressure no greater than 7.0. 

49, The method of claim 45, wherein the gasoline introduced into the 
engine has less than 20 ppmw of sulfur. 

50, The method of claim 45, wherein the gasoline introduced into the 
20 engine contains no greater than 15 ppmw sulfur. 
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5L The method of claim 45, wherein the gasoline introduced into the 
engine contains no greater than 10 ppmw sulfur. 



52. The method of claim 45, wherein the gasoline introduced into the 
engine contains 5 volume percent olefin or less. 

5 53. The method of claun 52, wherein the gasoline fuel introduced into the 

engine has an olefin content of 3 volume percent or less. 

54. The method of claim 52, wherein the gasoline has an olefin content of 
no greater than 2 volume percent. 

55. A method for operating an automotive vehicle having a spark-ignited, 
10 internal combustion engine, comprising: 

introducing into the engine the unleaded gasoline fuel of claim 15, and then 
combusting the unleaded gasoline in the engine. 

56. The method of claim 55, wherein the automotive vehicle also has a 
catalytic converter into which at least some of the engine exhaust emissions 

15 created by combusting the imleaded gasoline is introduced, with emissions then 
being discharged from the catalytic converter and subsequently to the atmosphere. 

57. The method of claim 55, wherein the introduction into the engine of 
an unleaded gasoline is accomplished by fiiel injection. 

58. The method of claim 56, wherein the introduction into the engine of 
20 an unleaded gasoline is accomplished by fuel injection. 
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59. The method of clarni 56, wherein the gasoline introduced into the 
engine has a Reid vapor pressure no greater than 7,0. 

60. The method of claim 56, wherein the gasoline introduced into the 
engine has no greater than 20 ppmw of sulfur. 

5 61 . The method of claim 56, wherein the gasoline introduced into the 

engine contains no greater than 15 ppmw sulfur. 

62. The method of claim 56, wherein the gasoline introduced into the 
engine contams no greater than 10 ppmw sulfur. 

63. The method of claim 56, wherein the gasoline introduced into the 
10 engine contains 5 volume percent olefin or less. 

64. The method of claim 56, wherein the gasoline fuel introduced into the 
engine has an olefin content of 3 volxmie percent or less. 

65. The method of claim 56, wherein the gasoline has an olefin content of 
no greater than 2 volume percent. 

15 66, A method for operating an automotive vehicle having a spark-ignited, 

internal combustion engine, comprising: 

introducing into the engine the unleaded gasoline fiiel of claim 30, and then 
combusting the unleaded gasoline in the engine, 

67. The method of claim 66, wherein the automotive vehicle also has a 
20 catalytic converter into which at least some of the engine exhaust emissions 
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created by combxisting the unleaded gasoline is introduced, with emissions then 
being discharged from the catalytic converter and subsequently to the atmosphere. 

68. The method of claim 66, wherein the introduction into the engine of 
an unleaded gasoline is accomplished by fixel injection. 

5 69. The method of claim 67, wherein the introduction into the engine of 

an unleaded gasoline is accomplished by fuel injection. 

70. The method of claim 67, wherein the gasoline introduced into the 
engine has a Reid vapor pressure no greater than 7.0, 

71 . The method of claim 67, wherein the gasoline introduced into the 
10 engine has no greater than 20 ppmw of sulfur. 

72. The method of claim 67, wherein the gasoline introduced into the 
engine contains no greater than 15 ppmw sulfur. 

73. The method of claim 67, wherein the gasoline introduced into the 
engine contains no greater than 10 ppmw sulfur. - 

15 74. The method of claim 67, wherein the gasoline introduced into the 

engine contains 5 volume percent olefin or less. 

75. The method of claim 67, wherein the gasoline fuel introduced into the 
engine has an olefin content of 3 volume percent or less. 

76. The method of claim 67, wherein the gasoline has an olefin content of 
20 no greater than 2 volume percent. 
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Abstract of the Disclosure 
Provided is an unleaded gasoline fuel which is substantially free of 
oxygenates, and most preferably contains substantially zero oxygenates. The 
gasoline fiiel also has a Reid vapor pressure less than 7.5 psi, a sulfur content less 

5 than 30 ppmw, an aromatic hydrocarbon content between 25 and 30 volinne 
percent, and/or a 50% D-86 Distillation Temperature between 210 and 220 "T, 
and/or a 90% D-86 Distillation Temperature between 300 and 330°F, and the fiiel 
composition fails the California Predictive Model requirements for emissions. 
Preferably, the olefin content of the fuel is also 8 volume percent or less. Such a 

10 gasoline fuel offers a substantially oxygenate free gasoline which avoids the 
environmental impact of oxygenates, yet when combusted in an internal 
combustion automobile provides good performance and good emissions, despite 
failing the California Predictive Model. The gasoline fiiel in particular can 
provide surprisingly lower NO^ emissions than that predicted by the California 

15 Predictive Model, 
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true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 


FULL NAME OF SOLE OR FIRST JOINT INVENTOR 
JOHN FREEL 


SIGNATU^ y ^ 


DATE 


RESIDENCE i/ 
816 Arthur Street, Novate, CA 94947 


CITIZENSHIP U.S.A. 


POST Orr;lCE ADDRESS 
(Same as above) 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
JOSEPH S. WELSTAND 


SIGNATURE ^ ^ ^ ^ y7 


DATE 


RESIDENCE ^^'^ 
2675 Tamalpais Drive, Pinole, CA 94564 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
(Same as above) 


^3 Please see attached continuation page for additional inventors. 
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FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
WILLIAM R. SCOTT 


SIGNATURE 


DATE 


RESIDENCE 

1343 Arlington Avenue, El Cerrito, CA 94530 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
{Same as above) 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
MICHAEL J. FUCHS 


SIGNATURE 


DATE 


RESIQENCE 

268:^ Shorewood Road, Rancho Palos Verdes, CA 90275 


CITIZENSHIP U.S.A. 


POS5;pFFICE ADDRESS 
{Sar^las above) 


FUL|^AME OF FIFTH JOINT INVENTOR, IF ANY 
SCO^ R. BRUNDAGE 


SIGNATURE 


DATE 


RESIDENCE 

232 i;«keshore Court, Richmond, CA 94804 


CITIZENSHIP U.S.A. 


POSTpFFICE ADDRESS 
(Sanf^lias above) 


FULL^AME OF SIXTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIQENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF NINTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF TENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 



POST OFFICE ADDRESS 



(Same as above) 
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COMBINED DECLARATION AND POWER OF ATTORNEY 



As a betow named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name; 

I BELIEVE 1 AM THE ORIGINAL, FIRST, AND SOLE INVENTOR {if only one name is listed below) OR AN ORIGINAL, FIRST, AND JOINT INVENTOR (if more 
than one name is listed below) OF THE SUBJECT MATTER WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION 



Entitled: LOW EMISSION, NON-OXYGENATED FUEL COMPOSITION 

the specification of which: 

(check [in IS attached hereto: 
one) 

was filed on May 4, 1 998 as 
Application Serial No. 09/071,793 
and was amended on 
(if applicable) 

I HAVE REVIEWED AND UNDERSTAISfo THE CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, INCLUDING THE CLAIMS, AS AMENDED BY ANY 
AMENDMENT REFERRED TO ABOVE: 



1 ACKNOWLEDGE THE DUTY TO DISCLOSE INFORMATION WHICH IS MATERIAL TO THE PATENTABILITY OF THIS APPLICATION IN ACCORDANCE 
WITH TITLE 37, CODE OF FEDERAL REGULATIONS, Sec. 1 .56(a) which states: "A patent by its very nature is affected with a public interest. The public 
interest is best served, and the most effective patent examination occurs when, at the time an application is being examined, the Office is aware of and 
evaluates the teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent application has a 
duty of candor and good faith in dealing with this Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim is cancelled or 
withdrawn from consideration, or the application becomes abandoned" . 

I here^claim foreign priority benefits under Title 35, United States Code Sec. 119 and/or Sec. 365 of any foreign appIiGation(s) for patent or inventor's 
certificate as indicated below and have also identified below any foreign application for patent or inventor's certificate on this invention having a filing date 
before jfebat of the application on which priority is claimed: 



1^, COUNTRY/INTERNATIONAL 


APPLICATION NUMBER 


DATE OF FILING 
(Day, Month, Year) 


PRIORITY 
CLAIMED 


NoH^ 






Yes □ Non 








Yes □ No □ 



I here^f^fclaim the benefit under Title 35, United States Code, § 1 20 of any United States application(s) listed below and, insofar as the subject imatter of 
each Qphe claims of this application is not disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, United 
State^6ode, § 1 12, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations § 1 .56(a) which occurred 
betwepa the filing date of the prior application and the national or PCT international filing date of this application: 



APPLICATION NUMBER 


DATE OF FILING 


STATUS 


None 













I HEREBY APPOINT THE FOLLOWING AS OUR ATTORNEYS WITH FULL POWER OF SUBSTITUTION TO PROSECUTE THIS APPLICATION AND 
TRANSACT ALL BUSINESS IN THE PATENT AND TRADEMARK OFFICE CONNECTED THEREWITH: 



W. Keith Turner 
William L. Mathis 
E. Joseph Gess 
T. Gene Dillahunty 



REGISTRATION NO. 
26,816 
17,337 
28,510 
25,423 



ASSOCIATE POWER OF 
ATTORNEY ATTACHED 
Yes □ No ^ 



SEND CORRESPONDENCE TO: 



E. Joseph Gess, Esq. 

BURNS, DOANE, SWECKER & MATHIS, L.L.P, 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1 001 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST JOINT INVENTOR 
JOHN FREEL 


SIGNATURE 


DATE 


RESIDENCE 

816 Arthur Street, Novato, CA 94947 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
JOSEPH S. WELSTAND 


SIGNATURE 


DATE 



RESIDENCE 



CITIZENSHIP U.S.A. 



2675 Tamalpais Drive, Pinole, CA 94564 

POST OFFICE ADDRESS 
(Same as above) 

[X3 Please see attached continuation page for additional inventors. 
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FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
WILLIAM R. SCOTT 


SIGNATURE - 


DATE / y 


RESIDENCE 

1 343 Arlington Avenue, EI Cerrito, CA 94530 


CITIZENSHIP • U.S.A. 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
MICHAEL J. FUCHS 


SIGNATURE 


DATE 


RESfGJENCE 

268^3 Shorewood Road, Rancho Palos Verdes, CA 90275 


CITIZENSHIP U.S.A. 


POS%:pFFICE ADDRESS 
(SartLpas above) 


FUL|::^AME OF FIFTH JOINT INVENTOR, IF ANY 
SCO^ R. BRUNDAGE 


SIGNATURE 


DATE 


RESIDENCE 

232^keshore Court, Richmond, CA 94804 


CITIZENSHIP U.S.A. 


POSrpFFICE ADDRESS 
(Sanpyas above) 


FULLpAME OF SIXTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF NINTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF TENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESiDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
{Same as above) 
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COMBINED DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name; 

I BELIEVE I AM THE ORIGINAL, FIRST, AND SOLE INVENTOR (If only one name is listed below) OR AN ORIGINAL, FIRST, AND JOINT INVENTOR {if more 
than one name is listed below) OF THE SUBJECT MATTER WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION 

Entitled: LOW EMISSION, NON-OXYGENATED FUEL COMPOSITION 

the specification of which: 

{check [m is attached hereto: 
one) 

was filed on May 4, 1 998 as 
Application Serial No. 09/071,793 
and was amended on 
(if applicable) 

I HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, INCLUDING THE CLAIMS, AS AMENDED BY ANY 
AMENDMENT REFERRED TO ABOVE: 

I ACKNOWLEDGE THE DUTY TO DISCLOSE INFORMATION WHICH IS MATERIAL TO THE PATENTABILITY OF THIS APPLICATION IN ACCORDANCE 
WITH TITLE 37, CODE OF FEDERAL REGULATIONS, Sec. 1 .56{a) which states: "A patent by its very nature is affected with a public interest. The public 
interest is best served, and the most effective patent examination occurs when, at the time an application is being examined, the Office is aware of and 
evaluates the teachings of ail information material to patentability. Each individual associated with the filing and prosecution of a patent application has a 
duty of candor and good faith in dealing with this Office, which includes a duty to disclose to the Office ail information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim is cancelled or 
withdrawn from consideration, or the application becomes abandoned". 



I here^ claim foreign priority benefits under Title 35, United States Code Sec. 119 and/or Sec. 365 of any foreign application(s) for patent or Inventor's 
certif ipia^e as indicated below and have also identified below any foreign application for patent or inventor's certificate on this invention having a filing date 
befor^^at of the application on which priority is claimed: 



S COUNTRY/INTERNATIONAL 


APPLICATION NUMBER 


DATE OF FILING 
(Day, Month, Year) 


PRIORITY 
CLAIMED 


Nqi^ 






Yes □ NoD 








Yes □ No □ 



I here&# claim the benefit under Title 35, United States Code, § 120 of any United States app!ication{s) listed below and, insofar as the subject matter of 
each ff ^he claims of this application is not disclosed in the prior United States application in the manner provided by' the first paragraph of Title 35, United 
States^pode, § 1 12, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations § 1 .56(a) which occurred 
betw^ri the filing date of the prior application and the national or PCT international filing date of this application: 



M APPLICATION NUMBER 


DATE OF FILING 


STATUS 


None 













I HEREBY APPOINT THE FOLLOWING AS OUR ATTORNEYS WITH FULL POWER OF SUBSTITUTION TO PROSECUTE THIS APPLICATION AND 
TRANSACT ALL BUSINESS IN THE PATENT AND TRADEMARK OFFICE CONNECTED THEREWITH: 



W. Keith Turner 
William L. Mathis 
E. Joseph Gess 
T. Gene Dillahunty 



REGISTRATION NO. 
26,816 
17,337 
28,510 
25,423 



ASSOCIATE POWER OF 
ATTORNEY ATTACHED 
YesQ No 13 



SEND CORRESPONDENCE TO: 



E. Joseph Gess, Esq. 

BURNS, DOANE, SWECKER & MATHIS, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 223 13-1 404 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1 G0 1 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST JOINT INVENTOR 
JOHN FREEL 


SIGNATURE 


DATE 


RESIDENCE 

816 Arthur Street, Novato, CA 94947 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
(Same as aboye) 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
JOSEPH S. WELSTAND 


SIGNATURE 


DATE 



RESIDENCE 



CITIZENSHIP U.S.A. 



2675 Tamalpais Drive, Pinole, CA 94564 



POST OFFICE ADDRESS 
(Same as above) 

Please see attached continuation page for additional inventors. 
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FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
WILLIAM R. SCOTT 


SIGNATURE 


DATE 


RESIDENCE 

1 343 Arlington Avenue, El Cerrito, CA 945 30 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
MICI^EL J. FUCHS 


SIGNATURE - J 


DATE 


RESIDENCE 

268^ Shorewood Road, Rancho Palos Verdes, CA 90275 


CITIZENSHIP U.S.A. 


POSm»FFICE ADDRESS 
(Sanri^as above) 


FULdlNAME OF FIFTH JOINT INVENTOR, IF ANY 
SCCO R. BRUNDAGE 


SIGNATURE 


DATE 


RESIDENCE 

232 fe€^keshore Court, Richmond, CA 94804 


CITIZENSHIP U.S.A. 


POS^FFICE ADQRESS 
(Sam'^s above) 


FULLJJAME OF SIXTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
{Same as above) 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF NINTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF TENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITiZENSHIP 



POST OFFICE ADDRESS 



(Same as above) 
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COMBINED DECLARATION AND POWER OF ATTOhiMEY 



As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name; 

I BELIEVE I AM THE ORIGINAL, FIRST, AND SOLE INVENTOR (if only one name is listed below) OR AN ORIGINAL, FIRST, AND JOINT INVENTOR (if more 
than one name is listed below) OF THE SUBJECT MATTER WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION 

Entitled: LOW EMISSION, NON-OXYGENATED FUEL COMPOSITION 

the specification of which: 

(check CU is attached hereto: 
one) 

^3 was filed on May 4, 1998 as 
Application Serial No. 09/071,793 
and was amended on 
(if applicable) 

I HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, INCLUDING THE CLAIMS, AS AMENDED BY ANY 
AMENDMENT REFERRED TO ABOVE: 



I ACKNOWLEDGE THE DUTY TO DISCLOSE INFORMATION WHICH IS MATERIAL TO THE PATENTABILITY OF THIS APPLICATION IN ACCORDANCE 
WITH TITLE 37, CODE OF FEDERAL REGULATIONS, Sec. 1 .56(a) which states: "A patent by its very nature is affected with a public interest. The public 
interest is best served, and the most effective patent examination occurs when, at the time an application is being examined, the Office is aware of and 
evaluates the teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent application has a 
duty of candor and good faith in dealing with this Office, which includes a duty to disclose to the Office all information known to that Individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim is cancelled or 
withdrawn from consideration, or the application becomes abandoned". 



I here^ claim foreign priority benefits under Title 35, United States Code Sec. 119 and/or Sec. 365 of any foreign application(s) for patent or inventor's 
certifigi^e as indicated below and have also identified below any foreign application for patent or inventor's certificate on this invention having a filing date 
before'Jhat of the application on which priority is claimed: 



■i; COUNTRY/INTERNATIONAL 

h^. 


APPLICATION NUMBER 


DATE OF FILING 
(Day, Month, Year) 


PRIORITY 
CLAIMED 


Nor© 






Yes □ NoO 








Yes □ No □ 



I hereiy claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below and, insofar as the subject matter of 
each 0fjthe claims of this application is not disclosed in the prior United States application in the manner provided by' the first paragraph of Title 35, United 
States^ode, § 1 12, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations § 1.56(a) which occurred 
betwejg the filing date of the prior application and the national or PCT international filing date of this application: 



APPLICATION NUMBER 


DATE OF FILING 


STATUS 


None 













I HEREBY APPOINT THE FOLLOWING AS OUR ATTORNEYS WITH FULL POWER OF SUBSTITUTION TO PROSECUTE THIS APPLICATION AND 
TRANSACT ALL BUSINESS IN THE PATENT AND TRADEMARK OFFICE CONNECTED THEREWITH: 



W. Keith Turner 
William L. Mathis 
E. Joseph Gess 
T. Gene Diilahunty 



REGISTRATION NO. 
26,816 
17,337 
28,510 
25,423 



ASSOCIATE POWER OF 
ATTORNEY ATTACHED 
Yesn No ^ 



SEND CORRESPONDENCE TO: 



E. Joseph Gess, Esq. 

BURNS, DOANE, SWECKER & MATHIS, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST JOINT INVENTOR 
JOHN FREEL 


SIGNATURE 


DATE 


RESIDENCE 

816 Arthur Street, Novato, CA 94947 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
(Same as ^bove) 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
JOSEPH S. WELSTAND 


SIGNATURE 


DATE 


RESIDENCE 

2675 Tamalpais Drive, Pinole, CA 94564 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
(Same as above) 


^] Please see attached continuation page for additional inventors. 
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FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
WILLIAM R. SCOTT 


SIGNATURE 


DATE 


RESIDENCE 

1 343 Arlington Avenue, El Cerrito, CA 94530 


CITIZENSHIP U.S.A. 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
MICHAEL J. FUCHS 


SIGNATURE 


DATE 


RESIi3t^NCE 

26823^:Shorewood Road, Rancho Palos Verdes, CA 90275 


CITIZENSHIP U.S.A. 


POStpDFFICE ADDRESS 
(Sannii!iias above) 


FULa=^AME OF FIFTH JOINT INVENTOR, IF ANY 
SCO# R. BRUNDAGE 


SIGNATURE 


DATE 


RESIdlNCE * 
232 l^fceshore Court, Richmond, CA 94804 


CItSeNSHIP U.S.A. 


POSTpFFICE ADDRESS 
{Sam^i^s above) 


FULLJIAME OF SIXTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESI^'NCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) ^.n; 


FULL NAME OF EIGfgH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE Q 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF NINTH^^INT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE fU 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 


FULL NAME OF TENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
(Same as above) 
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